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Platinum nitride is attracting increasing interest due to its fundamental and technological importance. [1] [2] [3] [4] [5] [6] [7] [8] From the fundamental point of view, study of its structure and stability is important because the noble metals were generally thought to be impossible to form nitrides [9] [10] before the synthesis of platinum nitride at high pressures and temperatures. 1 16 For accurate total energies, we used a basis size of about 150/atom and a Brillouin zone sampling of 1000 k points. A fully relativistic calculation was performed for core states, whereas the valence states were treated in a scalar relativistic scheme.
Both the local density approximation (LDA) 17 and the generalized gradient approximation (GGA) 18 exchange correlation functional were employed in the present calculations. The calculated structural parameters and the bulk modulus of PtN 2 (C2) are given in Table 1 . The lattice constants (a) and the bulk modulus (B) were evaluated from the Vinet 19 fit to the total energies as a function of the unit cell volume. At each volume, the position of N was relaxed until the force was smaller than 0.02 eV/Å. As can be seen from 12 , and c 44 are the elastic stiffness constants. In the present work, the elastic stiffness constants were calculated using the method described previously. 2 The calculated elastic constants are listed in Table 2 . Obviously, c ij fulfils the stability criteria stated above. The polycrystalline shear modulus G was calculated using the single crystal elastic constants and the Voigt-Reuss-Hill 21 averaging scheme, the obtained value (214 GPa) is 3.5 times higher than that of metal Pt (61 GPa). 22 According to the correlation between the hardness and the shear modulus, [23] [24] it can be expected that PtN 2 (C2) is harder than many known hard materials, 24 The calculated band structure of PtN 2 (C2) is shown in Fig. 3 , indicating that PtN 2 (C2) is a semiconductor with an indirect band gap (E g ) of 1.30 eV (GGA), or 1.77 eV (LDA). The top of the valence band locates at M, and the bottom of the conduction band locates between Γ and R. Considering that the density functional theory generally underestimates the band gap often by 30-50%, the true band gap could be a little more than 2 eV, lying in the visible region (1.65-3.1 eV) in the electromagnetic spectrum.
The electronic structure of PtN 2 (C2) at high pressures was also calculated and the energy gap was found to increases with pressure. At 100 GPa, the gap is 2.7 eV (GGA). In order to quantitatively describe the bonding in PtN 2 (C2), the charge density topology was analyzed based on Bader's quantum theory of "Atoms in Molecules". 
